ABSTRACT Two experiments were conducted to determine if a 3-way interaction among genotype, dietary lysine, and CP is an important influence on dietary responses. The genotypes were Ross 308 and Cobb in experiment 1 and Ross 508 and Arbor Acres Classic in experiment 2. The experimental designs were completely randomized with an incomplete 2 × 2 × 3 factorial arrangement of treatments. On d 7 of experiment 1, 4 replicate pens of 6 chicks each were fed 1 combination of dietary lysine and CP (17% CP with 0.6, 0.7, and 0.8% lysine and 23% CP with 0.7, 0.8, and 0.9% lysine) until d 21. On d 17 of experiment 2, 4 replicate pens of 35 chicks each were fed 1 combination of dietary lysine and CP (17% CP with 0.7, 0.8, and 0.9% lysine and 23% CP with 0.8, 0.9, and 1.0% lysine) until d 42. On d 43 of experiment 2, 3 birds per pen were processed. Regression analysis showed differences (P < 0.05) due to genotype for body
INTRODUCTION
Researchers have realized the diverse production potentials offered by gender, genotype, and genotype crosses and how nutrition, particularly nutrient levels, can influence those potentials. Genetic differences in growth rate, feed intake, and feed efficiency have been reported between genotypes (Washburn et al., 1975; Malone et al., 1979; Holsheimer and Veerkamp, 1992; MacLeod et al., 1998; . In addition, genetic differences have been observed for breast meat yield, abdominal fat pad percentage, and other parts yields (Acar et al., 1991; Holsheimer and Veerkamp, 1992; . Genetic differences influence the response of chicks to varying dietary levels of CP and subsequently the requirements of amino acids Baker, 1991, 1993; Pesti et al., 1994) . weight gain (BWG), feed intake, and feed conversion ratio (FCR) in experiment 1, and BWG, carcass yield, breast fillet and tender yields, and abdominal fat pad percentage in experiment 2. Increasing dietary CP decreased abdominal fat pad percentage in both experiments; however, increasing dietary lysine only decreased this parameter in the starter-phase chicks. In both experiments, Ross broilers had a greater response to supplemental lysine when 17% CP was fed, but less response to supplemental lysine when 23% CP was fed for both BWG and FCR (3-way interaction). Three-way interactions between dietary CP and lysine levels and genotype were observed for BWG (P < 0.01), feed intake (P < 0.01), and FCR (P < 0.02) in experiment 1 and for feed intake (P < 0.06) and FCR (P < 0.03) in experiment 2. The 3-way interactions demonstrate that quantitative differences exist between genotypes in response to increasing dietary levels of CP and lysine. Leclercq (1998) stated that the required level of lysine is highest for minimizing abdominal fat pad percentage followed by minimizing the feed conversion ratio (FCR) and maximizing breast meat yield and body weight gain (BWG). Therefore, the lysine requirement may change as the selection criteria of geneticists are focused on the different response criteria. In the last decade, the focus of breeding companies has been to select for improved FCR and higher meat yields. Determining nutrient requirements and different profit-maximizing feeding programs for each genotype seems impossible and may result in redundancy. A simpler approach would be to first determine if differences in response exist between genotypes without determining a requirement. For example, Tesseraud et al. (1999) measured the response of 2 experimental chick lines (a quality line selected to have higher breast meat yield and a control line) to 4 dietary lysine levels. Tesseraud et al. (1999) concluded that the dietary requirement of the quality line chicks could be lower because they were less sensitive to deficient levels of dietary lysine when compared with the control line.
Relationships between dietary lysine and genotype are known, as are relationships between dietary CP and genotype. Bilgili et al. (1992) found significant interactions of genotype cross by dietary lysine level for BWG from 42 to 53 d of age. Holsheimer and Veerkamp (1992) and Praharaj et al. (2002) found a similar interaction for broiler chicks at 42 and 48 d for BWG and at 14 and 28 d for body weight, respectively. Acar et al. (1991) found significant interactions of genotype by lysine for abdominal fat, breast fillet yields, and breast tender yields. Similarly, found significant interactions of genotype cross by protein level for body and carcass weights. It has been well established that 2-way interactions exist between genotype and dietary CP and genotype and dietary lysine levels. However, dietary CP level has been found to affect the lysine requirement (expressed as a percentage of the diet) of chicks (Morris et al., 1987; Hurwitz et al., 1998; Sterling et al., 2002) . The purpose of this study was to test the hypothesis that a 3-way interaction in commercial broiler genotypes to increasing dietary lysine at 2 dietary CP levels could be important in determining dietary responses. In the first experiment, 2 high-yield genotypes were compared during the starter phase (7 to 21 d). In the second experiment, a high-yield genotype was compared with a classic genotype during the grower phase (17 to 42 d).
MATERIALS AND METHODS

General Procedures
All chicks were fed a crumbled, broiler starter diet formulated according to NRC (1994) recommendations to contain 23% CP and 3,200 kcal of ME/kg before being placed on the test diets. All chicks were vent-sexed, vaccinated in ovo with Marek's vaccine (HVT-1), and obtained at 0 d of age (Aviagen Product Development Center, Albertville, AL). On the first day of each test period, chicks were weighed and allotted to their respective treatments in a manner that ensured a similar pen weight and weight range between replicates by genotype. Chicks were progeny from parental stock similar in age and maintained under the same management conditions (feeding, vaccination programs, etc.) within 
Experiment 1
Ross 308 and Cobb (n = 144 per genotype) male broiler chicks were reared in battery brooders (Petersime Incubator Company, Gettysburg, OH) and fed a crumbled, broiler starter diet from 0 to 7 d of age. There were 6 chicks per pen and 4 pens per treatment. Average pen weights (means ± standard error) at d 7 were 844.2 ± 3.8 and 892.6 ± 10.3 g for the Ross 308 and Cobb chicks, respectively. Chicks were then placed on a mash diet (Table 1) representing one combination of dietary lysine and CP (17% CP with 0.6, 0.7, and 0.8% lysine and 23% CP with 0.7, 0.8, and 0.9% lysine). On d 21, chicks and residual feed were weighed, and BWG and FCR calculated. In addition, 3 chicks per pen were weighed and then killed by asphyxiation with CO 2 ; abdominal fat pads and livers were excised, and weights were re- 
Experiment 2
Ross (Ross high-yield 508 females × Ross high-yield males) and Arbor Acres (Arbor Acres classic males × Arbor Acres classic females) male broiler chicks (n = 840 per genotype) were raised in floor pens (35 birds per pen) and fed the crumbled, broiler starter diet from 0 to 17 d of age. Average pen weights (means ± standard error) at d 7 were 20.4 ± 0.13 and 20.8 ± 0.11 kg for the Ross 508 and Arbor Acres chicks, respectively. On d 17, chicks were fed a pelleted diet (Table 1) representing 1 of the dietary levels of lysine and CP (17% CP with 0.7, 0.8, and 0.9% lysine or 23% CP with 0.8, 0.9, and 1.0% lysine). On d 42, chicks and residual feed were weighed, and FCR was calculated. On d 42, 3 randomly chosen chickens from each pen were wing-banded and moved to separate floor pens for an overnight fast (approximately 12 h); water was provided ad libitum. The following morning, chickens were randomly crated and transported to the processing room where each was weighed, killed by exsanguination, and then scalded, defeathered, and eviscerated. Abdominal fat pads and livers were collected from the birds after they were partially eviscer- ated by a mechanical eviscerator. Carcasses were weighed and chilled on ice in a walk-in cooler at 5°C overnight. The following day, pectoralis major (breast fillets) and minor (tenders) muscles (without skin), wings, and leg quarters (drum and saddle) were excised, and weights were recorded. Percentages of carcass yield, abdominal fat pad, and liver were calculated based on live body weight. Percentages of breast, tenders, wings, and leg quarters yields were calculated based on chilled carcass weight.
Statistical Methods
The experimental unit was the pen mean. Regression analyses were used with models that included all linear and quadratic terms as well as any possible interactions. All analyses were conducted using the GLM procedure of SAS (SAS Institute, 1998) . If the quadratic terms were not significant at P < 0.10, the models were recalculated with only the linear terms. All statistical analyses were based on calculated nutrient values.
RESULTS AND DISCUSSION
The analyzed nutrient values of dietary lysine and CP were in close agreement with calculated values (Table  1) computed from the nutrient composition tables in NRC (1994). Significant differences (P < 0.05) were observed due to genotype for most of the parameters measured (Tables 2 and 4) . Therefore, separate ANOVA were performed (Tables 3, 5 , 6, 7, 8, and 9) for each genotype.
Performance
In experiment 1, the response of chicks to increasing dietary levels of CP and lysine revealed trends consistent with expectations. Regression analyses showed there was a significant difference due to genotype for BWG, feed intake, and FCR (Table 2) . Bilgili et al. (1992) and Tesseraud et al. (1999) found similar results between genotypes with 21-d-old broiler chicks. Acar et al. (1991) found differences between Ross × Ross and Peterson × Arbor Acres chicks at 21 d for body weight; however, initial chick weights were also significantly different. Increasing dietary CP and lysine levels significantly improved BWG and FCR for both genotypes (Table 3) . Similar to Tesseraud et al. (1999) , the responses in BWG and FCR to increasing dietary lysine were not quantitative between genotypes. For the 17% CP diets, differences between the genotypes decreased as dietary lysine increased. However, for the 23% CP diets, differences between the genotypes increased as dietary lysine increased (Figure 1 ). There was a significant interaction between dietary CP and lysine for BWG and feed intake for the Ross 308 chicks (Table 3) . Ross 308 chicks fed the 17 and 23% CP diet with 0.8% lysine had a similar BWG. However, feed intake (455 vs. 400 g) and FCR (1.87 vs. 1.67) of the chicks fed the 17% CP diet with 0.8% lysine was higher (Table 3 ). The Cobb chicks had higher BWG and lower FCR at the lowest lysine levels (0.6 and 0.7%) when compared with the Ross 308 chicks. This finding may indicate that the Cobb chicks required less lysine. Tesseraud et al. (1999) found higher BWG and lower FCR in a quality line of chick that is comparable to the Cobb chicks used here. Tesseraud et al. (1999) noted the quality line to be more efficient at utilizing lysine for protein deposition (pectoralis major) and BWG at equal lysine intakes.
Overall, Cobb broiler chicks gained more and consumed more feed and had a better FCR when compared with Ross 308 broiler chicks. These results are similar to the observations of Holsheimer and Veerkamp (1992) who found Ross broiler chicks to gain less and have a lower FCR when compared with Arbor Acres broiler chicks. Again, Ross 308 broiler chicks may require more lysine and may be more efficient at levels closer to their requirement. No significant interactions between dietary lysine and genotype were detected for BWG and feed intake (Table 2) . Praharaj et al. (2002) found significant interactions between dietary lysine and genotype for BWG and feed intake but not FCR for broiler chicks from 0 to 14 d. Significant interactions for FCR were observed for all 2-way combinations (except CP by lysine) of parameters, indicating that FCR is very sensitive to changes in dietary CP and lysine levels and that the response is different for each genotype (Table 2) . A significant 3-way interaction among dietary CP, lysine levels, and genotype for BWG, feed intake, and FCR was observed ( Table 2) . The 3-way interaction indicated that the 2 genotypes responded differently to increasing dietary levels of CP and lysine (Figures 1 and 2) . Cobb broilers performed better than did Ross 308 at the lowest lysine level when 17% CP was fed but performance was similar between the genotypes at the highest lysine level and 17% CP. In contrast, performance was similar be- tween the genotypes when the chicks were fed 23% CP at the lowest lysine level. However, Cobb broilers performed better at the highest lysine level at 23% CP. In experiment 2, BWG was not significantly affected by dietary CP level for the Ross 508 or Arbor Acres broiler chicks (Table 4 ). As in experiment 1, feed intake was significantly affected by dietary CP level in that the chicks fed 17% CP consumed more feed compared with chicks fed 23% CP (Table 5) . Increasing dietary lysine significantly increased BWG and improved FCR for the Ross 508 broiler chicks and increased BWG and feed intake and improved FCR for the Arbor Acres broiler chicks. In contrast, Praharaj et al. (2002) found no sig- (2002) tested 4 different genotypes, and it is possible that the variation between the genotypes studied was small or the dietary lysine levels fed were adequate for 42-d-old broilers. The latter is probably a more accurate assumption because significant interactions of genotype by lysine were observed at 14 and 28 d for the same dietary lysine levels.
Overall, Arbor Acres chicks gained more, consumed more feed, and had a better FCR when compared with the Ross 508 chicks (Table 5 ). The better FCR observed with the Arbor Acres chicks indicated their ability to better use lysine-deficient diets or indicated a lower ly- sine requirement under similar conditions. The FCR has been shown to decrease as dietary lysine increases up to the minimum level required for optimum performance (Sterling et al., 2002) . In experiment 2, FCR decreased as dietary lysine increased, and there was no evidence that the minimum required dietary lysine level had been reached. Therefore, the NRC recommendation of 1.0% for broiler chicks between 3 and 6 wk of age may be too low. This is probably not true for all genotypes. For example, Acar et al. (1991) found no additional response to supplemental lysine above 0.75% for body weight and FCR in 42-to 56-d-old Ross × Ross and Peterson × Arbor Acres broiler chicks. In contrast, Bilgili et al. (1992) tested 2 dietary lysine levels (0.85 and 0.95%), and unlike the studies of Acar et al. (1991) and Praharaj et al. (2002) , these levels of lysine caused a response in 53-d-old broilers.
The results of experiments 1 and 2 explain apparent differences observed by Praharaj et al. (2002) and Bilgili et al. (1992) . Although Bilgili et al. (1992) observed differences in the responses of different genotypes to dietary lysine level, Praharaj et al. (2002) could detect none. Results of experiments 1 and 2 make it clear that protein level will affect the responses of different genotypes to dietary lysine differently. It would be wrong to infer from Table 2 that experiment 1 confirmed the conclusion of Praharaj et al. (2002) that there was no lysine by genotype interaction for BWG because the probability was 0.7094. The significant 3-way interaction (CP × lysine × genotype, P = 0.0058) substantiated that the lysine × genotype interaction was indeed real (Figures 3 and 4) .
Dietary Protein and Carcass Parameters
In experiment 2, the response of chicks to increasing dietary levels of CP and lysine revealed trends consistent with expectations. Regression analyses showed there was a significant difference due to genotype for BWG, feed intake, carcass weight and yield, abdominal fat pad weight and percentage, breast fillet yield, and breast tender yield (Table 4) . No differences were noted for carcass weight and the various parts weights due to dietary CP level (Table 6 ). Similar to some genotypes but not others used by and Sterling et al. (2002) , dietary CP level had no significant effects on carcass yield.
In contrast to and Sterling et al. (2002) no significant effect of dietary CP on breast yield was observed. When and Sterling et al. (2002) changed CP levels, amino acid minimum restrictions were kept constant as a percentage of dietary CP. Therefore, both dietary CP and lysine levels were increased simultaneously. The results of experiments 1 and 2 suggest that the carcass yield responses they observed were probably due to increasing lysine level and not dietary CP level per se (although other amino acids may have been involved). Carcass fat changes were probably due to protein per se, but small changes in abdominal fat (waste) are not necessarily measurable as obligatory changes in carcass yield. In agreement with Sterling et al. (2002) , dietary CP did not influence leg quarter weights or yields. However, in the present study, different genotypes were used and chicks were fed diets deficient in dietary lysine. Dietary CP level significantly affected abdominal fat pad and abdominal fat pad percentage for both genotypes of broiler chicks (Tables 4 and 9 ). Abdominal fat pad weights and percentages were higher for chicks fed the lower CP diets. These findings are consistent with those of , Sterling et al. (2002) . Overall, Arbor Acres broilers had higher abdominal fat pad weights when compared with the Ross 508 broilers; however, abdominal fat pad percentages (% of live body weight) were similar and were not reflected in a lowered carcass yield for the Arbor Acres broilers.
Dietary Lysine and Carcass Parameters
Dietary lysine level significantly affected most of the carcass parameters by increasing the weight of each as dietary lysine levels increased in the diets (Tables 6 to  8 ) with the exception of leg quarter weights and yields, which decreased as dietary lysine increased for both genotypes. Dietary lysine level did not significantly affect liver or abdominal fat pad percentage (Table 9 ). In contrast, Acar et al. (1991) found no differences in chilled carcass percentage, carcass without abdominal fat percentage, wings, drumsticks, thigh meat, and cage percentages due to increasing dietary lysine in broiler chicks from 42 to 56 d. Acar et al. (1991) stated that the lack of response in live performance to dietary lysine was not apparent at the levels above 0.75% of the diet, a level lower than NRC (1994) recommendations. Bilgili et al. (1992) found differences due to genotype and dietary lysine level for total breast weight, thigh yield, and carcass yield at 53 d.
There is no question that the nutritional requirements of different chicken genotypes are different. The requirements of Leghorn chickens are different from those of broiler chickens. The results of experiments 1 and 2 support the hypothesis that the lysine requirements of modern commercial broiler genotypes are also different. It seems prudent for producers to monitor the nutritional requirements of their stocks over time as the genotypes undergo selection and change.
Dietary CP appeared to be less important for broilers during the grower phase when compared with starterphase chicks. Cobb chicks were more efficient at converting food to BWG compared with Ross 308 chicks, and this finding may indicate a lower need for lysine or dietary CP or both. Arbor Acres broiler chicks were heavier for all dietary lysine and CP levels; however, Ross 508 broiler chicks had higher breast yields. In addition, Arbor Acres broilers were more efficient, indicating a need for lower levels of dietary lysine or CP or both. The levels of dietary lysine fed during the grower phase were higher than NRC (1994) requirements; however, performance continued to improve. In these studies, the responses of the genotypes to increasing dietary lysine and CP were quantitatively different.
